In the present study, the production of Fe-Ti-B based alloys was realized and their structure and properties were investigated. Mechanical alloying proceeds by the continual cold welding and fracturing of the constituent mixture of Ti+4B+5Fe powder when subjected to the large compressive forces of a high speed mill. The powder charge together with 7 mm diameter steel balls were loaded into a tool steel grinding container at approximately 350 RPM for 20 h. The samples were shaped as cylinder of Ø15×8 mm dimensions by uniaxial pressing at 450 MPa. Then, the green body materials were produced by sintering at 1100
In the present study, the production of Fe-Ti-B based alloys was realized and their structure and properties were investigated. Mechanical alloying proceeds by the continual cold welding and fracturing of the constituent mixture of Ti+4B+5Fe powder when subjected to the large compressive forces of a high speed mill. The powder charge together with 7 mm diameter steel balls were loaded into a tool steel grinding container at approximately 350 RPM for 20 h. The samples were shaped as cylinder of Ø15×8 mm dimensions by uniaxial pressing at 450 MPa. Then, the green body materials were produced by sintering at 1100
• C for 14 h in argon atmosphere. The morphology of composite materials was investigated by optical microscopy and scanning electron microscopy and phase analysis was realized by x-ray diraction analysis. The bulk densities of the materials were measured using by Archimedes method. Also, the micro-hardness of the samples was measured by Vickers indentation technique. As a result, Fe, iron boride (FeB, Fe2B) and titanium boride (TiB2) phases were detected in the phase analysis of the Fe-Ti-B based materials. The exothermic dispersion process technology was used with mechanical alloying and sintering process to produce a new modied composite having TiB 2 and Fe 2 B reinforcement particulates. This process utilizes a mixture of powders of the ferrous alloy powders components with a third metallic component. Heating of this mixture causes the exothermal interaction between the components. Steel-based material is a kind of metal material of extensive application, and has such merit as low price, no pollution in the fabrication, convenience in the reuse, and good process ability. Moreover, its mechanical and physical properties can be adjusted by heat treatment. TiB 2 particles are selected because they possess a very high hardness, high melting point, high strength, excellent corrosive resistance, good thermodynamic stability as well as good thermal conductivity [1] .
Recently, MA has often been used to synthesize the metal carbides, borides and silicides, which provide a novel route to prepare ne-grained ceramic powders. MA is an alternative solid state technique by which novel materials may be synthesized from elemental or pre-alloyed powders [24] .
It is well established that the incorporation of hard ceramic particulates (e.g. carbides and borides) to ferrous matrices can signicantly improve certain material properties, such as wear resistance, toughness and * corresponding author; e-mail: okon42@hotmail.com strength. Therefore, ceramic particulate reinforced Fe and steel matrix composites have received considerable attention in recent years. Titanium diboride (TiB 2 ), possessing outstanding features such as high melting point (2790
• C), high hardness (33 GPa), high modulus (530 GPa) and low density (4.451 g/cm 3 ), is another potential reinforcement. Generally, there are several methods of fabricating the particulate reinforced steel matrix composites, such as powder metallurgy (PM), conventional melting and casting, carbo-thermic reduction, self-propagating high-temperature synthesis (SHS) (also called combustion synthesis) and alumino-thermic reduction [5, 6] .
A ternary system, which gains the attention of scientists, is the Fe-Ti-B system because of the formation of TiB 2 particles. These particles have ideal properties for being used as a reinforcing material, such as high hardness and melting point, good corrosion resistance and thermal conductivity. The majority of studies focus on the Fe-TiB 2 -TiFe 2 region of the ternary diagram, while the Fe-TiB 2 -Fe 2 B region remains unexplored, although it presents a great potential [7] .
In present study, fabrication, structural and mechanical properties of the in-situ TiB 2 and Fe 2 B reinforced steel matrix composites by the mechanical alloying treatment of the powders and sintering process was studied.
Experimental procedure
Ferrous boron, ferrous niobium and Armco-iron (ASC.100.29) powders were used in the study. The nominal compositions (wt.%) of ferrous boron and ferrous titanium alloys used in the study were as follows: 19.63% (1214)
tanium were grounded by ring grinder and resieved to be 100µm grain sizes. At the rst step of the study, the mixture of Ti+4B+5Fe powders was mechanically alloyed in the attritor at 350 rpm for 20 h in argon atmosphere. The steel balls with 7 mm diameter were used as a grinding media with a ball-to-powder ratio of 5:1. At the second step, mechanically alloyed powders were shaped as cylindrical coupons at the dimensions of 15 mm in diameter and 8 mm in thickness by uniaxial dry pressing under the pressure of 450 MPa. Polyvinyl alcohol was used as a binder material. After shaping, samples were dried at 80
• C for 24 h in an oven. Dried samples were sintered in an electrical furnace with a heating rate of 6
• C/min at 1100
• C for 14 h in the Ar atmosphere. Then, the samples were cooled down to room temperature in the furnace.
The microstructure of sintered materials was observed by using optical microscope (Nickon Epiphot) and scanning electron microscope (SEM) (Jeol JSM 6060 LV) to the samples which were ground on silicon carbide papers to 1200 grit, and then progressively polished with, 0.3 µm Al 2 O 3 paste. An x-ray diractometer (Rigaku XRD/D/MAX/2200/PC) with CuK α radiation was used to analyze the constituent phases in the microstructure. The bulk densities of the materials were measured by Archimedes method. Also, the micro-hardness of the samples was measured by using Future Tech FM 700 microhardness tester by Vickers indentation technique with 50 g load. 3 . Results and discussions Figure 1 shows the SEM image and EDS analysis of the mechanically alloyed Ti+4B+5Fe powders. As shown on Fig. 1a , the powder was established well ground and agglomerated structure, and EDS analysis (Fig. 1b) shows that the elemental distribution of the powder which was including Fe, Ti and B beside trace element of Al which was coming from the ferrous alloys. Figure 2a and b shows optical and SEM images of the mechanically alloyed and sintered Ti+4B+5Fe alloys at 1100
• C for 4 h. Optical and SEM micrographs include well distributed dierent color grain structure phases. X-ray diraction analysis showed that the phases formed in the sintered sample at 1100
• C for 1 h are Fe 2 B, FeB, TiB 2 and Fe. It is clear from the X-ray diraction analysis that the alloy produced from the mechanically alloyed powders includes dierent boride phases and Fe and so, microstructure of the produced samples includes these phases' grains as dierent contrast. EDS analysis supported the X-ray diraction analysis as shown in Fig. 2c, d and e. Possible reactions took place during the sintering process are follows [810] .
Ti + 2FeB → TiB 2 + 2Fe, Fig. 1 . SEM images and EDS analysis of mechanically alloyed Ti+4B+5Fe powders.
Ferrous boron includes FeB phase and ferrous titanium includes 68.4%Ti by wt. As a result, TiB 2 and Fe 2 B phases realized from the ferrous alloys. Raghavan's phase diagrams of Fe-Ti-B demonstrate that the phases took place in the diagram of Ti+4B+5Fe concentration are Fe 2 B, TiB 2 and Fe. As shown from Fig. 3 that the presence phases in the study includes FeB phase. It is probable that the reactions to be realized in the powder mixture will be continue during sintering process at 1100
• C over 1 h sintering time up to used up the FeB phase in. Figure 4 shows the density and micro-hardness of the samples sintered at 1100
• C for 14 h. As shown from the gure that the increase in the sintering time caused to increase of densities of the sintered samples. As known, the density of the sintered materials increased with increase in sintering time [11] . It is possible that the increase in sintering time caused to decrease of porosity and realized the reactions took place in the powder mixture.
Vickers micro-hardness test was realized on the sintered samples. As shown from Fig. 4 , increase in sintering time caused to increase the formation of boride phases and decrease of the porosity in the sintered samples. The samples produced include Fe and borides of Ti and Fe. So it's an in-situ composite structure. The hard boride phases increment will be caused to increase of the materials hardness [12] . The hardness of the Fe 2 B and TiB 2 phases is between 15001700 HV [13] and 2900 HV Fig. 2 . a) Optical and (b) SEM micrographs of Ti+4B+5Fe alloys at 1100
• C for 4 h and (c, d and e) EDS analysis of marked on SEM image as 1, 2 and 3, respectively. Fig. 3 . X-ray diraction analysis of Ti+4B+5Fe alloys at 1100
• C for 1 h.
to 3400 HV [14] . 
Conclusions
Based on all of the experimental results obtained in this work, the following conclusions could be drawn:
Mechanically alloyed Ti+4B+5Fe powders produced from the commercial ferrous alloys were established well ground and agglomerated structure.
The powders sintered at 1100
• C can produce in-situ composites with both TiB 2 and Fe 2 B as reinforcing particles. Stable phases present in the ternary Fe-Ti-B diagram are formed.
The presence phases in the sintered samples include Fe 2 B, TiB 2 , Fe and FeB phases.
Increase in the sintering time caused to increase of density of the sintered samples. Increase in sintering time caused to increase the formation of boride phases and decrease of the porosity in the sintered samples.
Increase in the sintering time caused to increase of the hardness of the sintered in-situ composites of TiB 2 , Fe 2 B and Fe. Increase in sintering time caused to increase the formation of boride phases and decrease of the porosity in the sintered samples, an so the hardness of the in-situ composite increased.
